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ower. In terms of NNT, we would need to give 34 patients a bone
raft to prevent one additional failure of healing.
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Cut and run”. Rapid life saving amputation using ﬁre service
ydraulic cutting equipment in entrapped trauma victims
imon Robinson (MRCS)a,∗, M.J. McNicholas (MD, FRCS (Tr &
rth))b, I. Polyzois (MRCS)b, I. Dunbarc, A.P. Payne (BSc, PhD)d, M.
orrest (BSc, FRCA)b
Warrington Hospital, Lovely Lane, Warrington WA5 1QG United
ingdom
Warrington District General Hospital, Warrington, Cheshire, United
ingdom
Cheshire Fire & Rescue Services, Cheshire, United Kingdom
University of Glasgow, Scotland, United Kingdom
-mail address: simonjrobinson@doctors.org.uk (S. Robinson).
Background: We investigated the potential to utilise ﬁre service
ydraulic cutting equipment to effect life saving amputations in
ntrapped trauma victims.
Materials and methods: After a successful pilot study using four
adaveric porcine hind-leg models; three fresh frozen bequeathed
adaveric lower limb specimens each underwent ﬁve guillotine
mputations using the hydraulic cutting equipment and con-
entional war surgical techniques. Video-documentation of each
uillotine amputation was studied to deﬁne the: (i) number of
utting actions required to complete the amputations without the
eed for other cutting instruments, (ii) total time to achieve a com-
leted amputation, (iii) quality of cut and (iv) proximal extent of
racture propagation.
Results: Our study conﬁrms that this equipment would enable
xtrication from immediately life threatening circumstances
etween two and seven times quicker than conventional ampu-
ation techniques.
Conclusion: The equipment allows effective access to facilitate
aximal stump length preservation and protects attending staff
nd the injured patient from the dangers of conventional ampu-
ation techniques in these difﬁcult circumstances.Keywords: Life
aving; Amputation; Hydraulic; Cutting; Equipment
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robotic hexapod external ﬁxator for the correction of angular
eformity of long bones
. Wendlandt, K. Seide, A.P. Schulz ∗, N. Mueller, C. Jürgens
University Hospital Luebeck, Department of Biomechanics and Aca-
emic Orthopaedics, BG Trauma Hospital Hamburg, Germany
Introduction: External ﬁxation is a commonly used technique for
racture ﬁxation as well as for limb lengthening and correction of
eformities either congenital or caused by trauma. Fracture treat-
ent primarily requires immobilization and anatomical reduction
f the fracture gap, while distraction osteogenesis utilizes exact
xator movements to gradually form new tissue. The gradual dis-
raction stimulates the body’s self-healing capacities to form new
one and has been proposed for limb lengthening and treatment
f deformities already 100 years ago. The hexapod external ﬁxator
s based upon parallel kinematics well-known from high-precision
obotics. This allows for fracture movements in all six degrees of
reedom without losing stability of ﬁxation. In current clinical rou-Fig. 1. Robotic hexapod external ﬁxator (shown with power study and control soft-
ware on netbook).
tine the ﬁxator movements are effected manually by the patient
several times a day over the course of healing. A system is pre-
sented to improve the treatment with robotic actuators replacing
the manual actuation.
Patients andmethods: Thehexapodexternalﬁxator isbasedupon
parallel kinematics. Six linear manual actuators (distractors) are
ﬁxed on two rings with nonblocking ball joints. External ﬁxators
described by Ilizarov still in commonuse loose stabilitywhile being
adjusted as hinges have to be unblocked to allow movements of
the device. Due to the parallel kinematics the hexapod external
ﬁxator always maintains stability of ﬁxation thus allowing even
complex fracturemovementswithout patient discomfort. Amotor-
driven actuator was developed to replace the manual actuation
elements of the ﬁxator system. The actuators are assembled from
two main parts: the telescopic bar also used in the manual sys-
tem and a motor unit. It contains a small electric motor (Maxon
RE13) with three watts of electrical power, a magnetic encoder and
a planetary gear head (Fig. 1). The motor unit is housed in a water-
tight polyurethane/composite enclosure made with a ZPrinter 450
(Z Cooperation) rapid prototyping system. It is attached to the
telescopic bar with a clip-on technique. The speed of the linear
actuators is up to 2.5mm per second while the force of the robotic
external ﬁxator is in distraction is typical 300N.
Accuracy of the robotic ﬁxator is identical to the manual sys-
tem with a typical error of less than 1◦ and 1mm respectively. The
robotic hexapod external ﬁxator was applied clinically for the ﬁnal
adjustment of a distraction osteogenesis. Amale patient of 35 years
suffered a fracture of his left lower leg in 2000. The fracture was
treated with an Ilizarov external ﬁxator yet a shortening of 1.5 cm
and varus deformation remained.
In April 2009 tibia and ﬁbula were cut and distraction osteoge-
nesis was initiated to correct the shortening and deformity. The
patient was not fully compliant due to pain developing during
actuation. Therefore the distraction osteogenesis was ﬁnished pre-
maturely and the hexapod ﬁxator was scheduled to be removed in
May 2009.
Results: Upon removal of the manual hexapod external ﬁxator
the robotic system was applied (Fig. 2) to correct the remaining
angular deformities under ﬂuoroscopic control.
An angle of 3.5◦ in varus and 13.3◦ posterior deformity was
determined with two X-ray images taken from frontal and lateral.
After robotic reduction the varus deformity was corrected
successfullywhile theposteriordeformitywas reduced to6◦. Short-
ening of the leg was not corrected.
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cFig. 2. Robotic hexapod external ﬁxator attached to the patient.
Conclusion: Robotic distraction osteogenesis was used success-
ully to correct the remaining varus deformity after incomplete
istraction osteogenesis. Reducing all of the remaining angular
eformity and correcting the shorteningwas not performed as pain
as felt by the patient. Although not clearly visibly in the radio-
raphs we consider early ossiﬁcation of the ﬁbula as the reason for
igh tension forces creating pain while lengthening.
All planned movements were carried out smoothly and steadily
y the robotic ﬁxator thus correcting the varus deformity only
tickling sensation was felt by the patient. The motor actuators
re easily added to the manual ﬁxator system therefore complex
anoeuvres involving the correction of several axes are easily car-
ied out by the robotic system.
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mplant development optimization using a real CT bone data
ase for a novel distal ﬁbular plate (Lateral VariAx Fibula Plate)
rndt P. Schulz (MD, PhD, MRCS)a,∗, Vinzenz Burgherrb, Annika
omeier (MSc)c, Nils Reimersc, Christian Jürgens (MD, PhD)d
University Luebeck, Department Academic Orthopaedics, Germany
Stryker Osteosynthesis, Selzach, Switzerland
Stryker Osteosynthesis, Schönkirchen, Germany
BG Trauma Hospital Hamburg, GermanyIntroduction: Currently in orthopaedic research, bone shape
ariability within a speciﬁc population has been seldom investi-
ated and used to optimize implant design, which is commonly
erformed by evaluating implant bone ﬁtting on a limited dataset.
owever, these results showed insufﬁcient anatomical ﬁtting and
ig. 1. (a and b) The implant design with the help of an anatomical database (a) shows a m
onventional implant (b).Fig. 2. Minimal ﬁtting error distribution for Caucasian set (mm).
biomechanical stability of the existing prebend periarticular plates
for the distal ﬁbula. This mismatch leads to well known clinical
complication resulting from inadequate ﬁxation of the distal frag-
ment of the ﬁbula. In this paper, we developed a methodology
for design of orthopaedic implants that ﬁt a maximum percentage
of the target population, both in terms of geometry and biome-
chanical stability. In co-operation with an implant manufacturer
and different academic institutions, a virtual bone database has
been developed that contains anatomical data of more than 1000
anatomical CT datasets with the implemented possibility to gen-
erate idealized implant ﬁts for different anatomical sites. This
program (Stryker Virtual Bone Database (VBD)) is able to gener-
ate statistical anatomical shapes for different populations like age
groups or ethnical groups. Based on this, an implant for the dis-
tal ﬁbula has been developed (VariAx Distal Lateral Fibula Locking
Plate) for distal ﬁbula fracture treatment. Aim of this study was to
develop and validate an implant that is optimized for the speciﬁc
anatomical area. It should beprecontoured and still ﬁt to themajor-
ity of patients sustaining a distal ﬁbular fracture. Another objective
was to create a distally tapered design as there is less soft tissue
cover in that anatomic area. This paper gives an overview of the
development process of the plate and in particular rationalizes the
neutral plate design.
Materials and methods: ProE CAD system was used in combi-
nation with Stryker Virtual Bone Database (VBD) to evaluate the
bone shape of the target population plate shape. Seven Caucasian
bones (data processed from CT scans) have been used in a ﬁrst val-
idation process in comparison with an implant already available
on the market (SPS Fibula Plate, Stryker). Additionally, the results
have been veriﬁed with a bone ﬁtting study which was conducted
in collaboration with the Maurice E. Müller Institute (MEM) in
Bern/Switzerland. In a second step, the ﬁnished implant designwas
validated against statistical bone shapes of populations of different
ethical origin.
Results: The comparison of the VariAx Distal Lateral Fibula Lock-
ing Plate’s shape with real bone data conﬁrmed that the neutral
form does cope with the anatomic situation laterally which means
that no systematic pre-bending of the plate is required. Compar-
ing with a conventional implant, the new implant could have been
implantedunbend in six of seven cases of virtualmatchingwith real
patient datasets (Fig. 1a) compared to none with the conventional
implant (Fig. 1b).
The validation of statistical datasets of different ethnical ori-
gin (Caucasian, Asian) showed no statistical difference of implant
mismatch (Figs. 2–7).
Conclusion: Based on these results, the new Plate can be consid-
ered an efﬁcient solution to treat distal ﬁbula fractures without
uch higher primary ﬁt on randomly assigned patient dataset when compared to a
